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ABSTRACT : 'HFLVLRQ DLG WKURXJK  DQDO\VLV RI EHQHILW RSSRUWXQLW\ FRVW DQG ULVN %2&5 RIIHU WKH VWUXFWXUDO
IUDPHZRUN WR JHW DOO QHFHVVDU\ LQIRUPDWLRQ WR DQ HIIHFWLYH GHFLVLRQ PDNLQJ ,W  ZDV LQYHVWLJDWHG E\ UHVHDUFKHUV RI
GLIIHUHQWV ILHOGV HFRQRPLFV HQJLQHHULQJPDQDJHPHQW  DQGPDQ\ HYDOXDWLRQ DQG UHFRPPHQGDWLRQPHWKRGV KDYH
EHHQSXEOLVKHGLQWKHOLWHUDWXUHWRKHOSGHFLVLRQPDNHUVWRPDNHWKHLUFKRLFH+RZHYHUPRVWRIWKHH[LVWLQJPHWKRGVGR
QRW IRFXV RQ TXDQWLILFDWLRQ DQG HYDOXDWLRQ RI XQFHUWDLQ SDUDPHWHUV RI GHFLVLRQ SUREOHP UHSUHVHQWLQJ ULVN DQG
RSSRUWXQLW\7RDGGUHVV WKHVH LVVXHVZHSURSRVH LQ WKLVSDSHUDQHZ%2&5DQDO\VLV IUDPHZRUN LQFOXGLQJGHILQLWLRQ
DQGDPHDVXUHRIULVNDQGRSSRUWXQLW\7KHEDVLFLGHDKLJKOLJKWVWKHELSRODULW\QDWXUHRIWKHDWWULEXWHVWKDWFKDUDFWHUL]H
DOWHUQDWLYHVZLWKUHJDUGWRREMHFWLYHV,QGHHGZHFRQVLGHUWKDWDOWHUQDWLYHVDUHHYDOXDWHGDJDLQVWVHYHUDOREMHFWLYHVE\
XVLQJPDQ\IHDWXUHVRIWKHPNQRZQDVDWWULEXWHV7DNLQJLQWRDFFRXQWXQFHUWDLQW\RIVRPHFRPSRQHQWVRUUHODWLRQVKLSV
WKLV SDSHU SURSRVHV H[SOLFLW PRGHOLQJ RI ULVN DQG RSSRUWXQLW\ LQ WKH %2&5 IUDPHZRUN 7KH HYDOXDWLRQ DQG
UHFRPPHQGDWLRQEHFDXVHRIWKHELSRODUQDWXUHDUHPDGHXVLQJWKH6DWLVILFLQJJDPHWKHRU\

KEYWORDS: ULVNRSSRUWXQLW\%2&5DQDO\VLVLQGLFDWRUVELSRODULW\RIDWWULEXWHVIX]]\PHDVXUHV
1 INTRODUCTION 
7KH FKDUDFWHULVWLFV RI GHFLVLRQPDNLQJ HQYLURQPHQW
ZKLFKLVFRQVLGHUHGLQWKLVSDSHUDUHVHH)LJXUHDVWKH
IROORZLQJ

$FWRUV JURXS RI SHUVRQV RU RUJDQL]DWLRQV LQYROYHG LQ
GLIIHUHQW SKDVHV RI GHFLVLRQ SURFHVV LGHQWLILFDWLRQ DQG
HYDOXDWLRQ RI REMHFWLYHV DOWHUQDWLYHV LQGLFDWRUV DQG
DWWULEXWHV

2EMHFWLYH VRPHWKLQJ WKDW GHFLVLRQ PDNHUV ZDQW WR
DFKLHYHUHDOL]HRSWLPL]HHWF:HDVVXPHWKDWDVHWܱRI݇ REMHFWLYHV KDV EHHQ LGHQWLILHG DQG JLYHQ E\ HTXDWLRQ


 ܱ ൌ ሼ݋ଵǡ ݋ଶǡ ǥ ǡ ݋௞ሽ  

$OWHUQDWLYH $FWLRQ LVVXH RU SRVVLELOLW\ RIIHUHG WR
GHFLVLRQPDNHUVWRDFKLHYHWKHLUREMHFWLYHV:HFRQVLGHU
WKDWDGLVFUHWHVHWRI݊DOWHUQDWLYHVLVLGHQWLILHGDQGJLYHQ
E\HTXDWLRQ

 ܷ ൌ ሼݑଵǡ ݑଶǡ ǥ ǡ ݑ௡ሽ  

$WWULEXWH IHDWXUHRIDQDOWHUQDWLYHݑXVHG WRHYDOXDWH LW
ZLWK UHJDUG WR REMHFWLYHV /HW XV FRQVLGHU D FRXSOH
REMHFWLYHDOWHUQDWLYHሺ݋ǡ ݑሻ WKH VHW RI DWWULEXWHV RI  ݑ
ZLWKUHJDUGWR݋LVWKHQJLYHQE\HTXDWLRQ

 ܣ௢ሺݑሻ ൌ ሼܽ௢ଵǡ ܽ௢ଶǡ ǥ ǡ ܽ௢௠ሽ  

ActorsObjectives O Alternatives U
Attributes 
A
o
(u)
Indicators I
o
(u)
)LJXUH7KHFRQVLGHUHGGHFLVLRQSUREOHPIUDPHZRUN
,QGLFDWRU DQ LQGH[ XVHG WR HYDOXDWH WKH GHJUHH RI
DFKLHYHPHQW RI DQ REMHFWLYH WKH VHW RI LQGLFDWRUV WKDW
DOORZV WKH HYDOXDWLRQ RI DQ REMHFWLYH ݋ LV JLYHQ E\
HTXDWLRQ

 ܫ௢ ൌ ሼ݅ଵ௢ǡ ݅ଶ௢ǡ ǥ ǡ ݅௫௢ሽ  

)LJXUH  UHVXPHV WKH IUDPHZRUN RI GHFLVLRQ PDNLQJ
SUREOHPZHDUHFRQVLGHULQJLQWKLVSDSHU

7KLV IUDPHZRUN FRQVWLWXWHV D PXOWLREMHFWLYHV PXOWL
DWWULEXWHV DQG PXOWLDFWRUV GHFLVLRQ PDNLQJ SUREOHPV
'LIIHUHQWDSSURDFKHVKDYHEHHQSURSRVHGLQWKHOLWHUDWXUH
WR GHDO RI YHUVLRQV HLWKHU PXOWLREMHFWLYHV RU
PXOWLDWWULEXWHV RI WKHVHSUREOHPV2XWUDQNLQJ0HWKRGV
+XUVRQ 	 =RSRXQLGLV  (OHFWUH , ,, ,,,
3520(7+(( HWF 0XOWLDWWULEXWH 8WLOLW\ 7KHRU\
0$870$97 .HHQH\	5DLIID  /XFH	3
6XSSHV  %D\HVLDQ $QDO\VLV IRU VWUXFWXULQJ DQG
HYDOXDWLQJ GHFLVLRQPDNLQJ SUREOHPYRWLQJ  3HQLZDWL
 $QDO\WLFDO +LHUDUFK\1HWZRUN 3URFHVV
$+3$13 PHWKRGV 6DDW\  6DDW\ D HWF
7KHVH PHWKRGV PDLQO\ FRQVLGHU D FRPPRQ VHW RI
DWWULEXWHV IRU DOO WKH DOWHUQDWLYHV FRQVLGHULQJ WKDW WKH
HOLFLWDWLRQRIDWWULEXWHVLVLQGHSHQGHQWRIDOWHUQDWLYHDQG
LJQRUH XQFHUWDLQ DVSHFWV WKDW VRPH FRPSRQHQWV FDQ
SUHVHQW+RZHYHUDWWULEXWHVPD\GHSHQGRQDOWHUQDWLYHV
LQWHUPVRIDFKLHYLQJREMHFWLYHVRUQRW7KHUHIRUHLQWKLV
SDSHU ZH FRQVLGHU WKH SRVVLELOLW\ WKDW DOWHUQDWLYHV DUH
FKDUDFWHUL]HGE\GLIIHUHQWDWWULEXWHV

7KH VWDJHV RI GHFLVLRQ PDNLQJ SUREOHP XQGHU
FRQVLGHUDWLRQDUHGHVFULEHGDVIROORZV
 $FWRUV VHOHFW REMHFWLYHV DQG LQGLFDWRUV WR PHDVXUH
DFKLHYHPHQWRIWKHVHREMHFWLYHV
 7KHQSRWHQWLDODOWHUQDWLYHVDUHLGHQWLILHG
 )RU HDFK SDLU REMHFWLYH DOWHUQDWLYH DFWRUV RU
H[SHUWV GHWHUPLQH D VHW RI DWWULEXWHV WKDW SHUPLW WKH
HYDOXDWLRQ RI WKH DOWHUQDWLYH ZLWK UHJDUG WR WKH
REMHFWLYH
 $WWULEXWHV YDOXHV DUH DVVHVVHG E\ H[SHUWLVH RU GLUHFW
PHDVXUH
 $OWHUQDWLYHV DUH HYDOXDWHG ZLWK UHJDUG WR WKH
REMHFWLYHVIRUUHFRPPHQGDWLRQ
7KHZRUNXQGHUWDNHQ LQ WKLV SDSHUPDLQO\FRQFHUQV WKH
ODVW WZR SRLQWV ZLWK D VSHFLDO IRFXV RQ WKH HYDOXDWLRQ
SURFHGXUH

7KHUHPDLQGHURIWKLVSDSHULVRUJDQL]HGDVIROORZVWKH
VHFRQG VHFWLRQ SUHVHQWV WKH%2&5 DQDO\VLV IUDPHZRUN
VHFWLRQ WKUHH SURYLGHV D GHILQLWLRQ DQG D PHWKRG RI
HYDOXDWLQJXQFHUWDLQSDUDPHWHUVRIWKHDSSURDFKQDPHO\
ULVN 5 DQG RSSRUWXQLW\ 2 ,Q IRXUWK VHFWLRQ ZH
SUHVHQW WKH DJJUHJDWLRQ PHWKRGV WKDW FDQ EH XVHG IRU
ILQDO HYDOXDWLRQ ZKLFK LV WKH REMHFW RI VHFWLRQ ILYH
6HFWLRQ VL[ SURYLGHV DQ H[DPSOH RI DSSOLFDWLRQ
&RQFOXVLRQLVJLYHQLQWKHODVWVHFWLRQ
2 BOCR ANALYSIS   
7KH GHFLVLRQ WR XQGHUWDNH D SURMHFW RU WR FKRRVH DQ
DOWHUQDWLYH XVXDOO\ UHTXLUHV LQYHVWLJDWLQJ WKH UDWLR RI
SRVLWLYH DQG QHJDWLYH DVSHFWV WKDW SURMHFW RU DOWHUQDWLYH
SUHVHQWV¶7KH%2&5DQDO\VLV6DDW\E6DDW\	
g]GHPLU  HQDEOHV D ULFKH DQDO\VLV LW LV EDVHG RQ
WKH ELSRODULW\ QDWXUH RI DWWULEXWHV ZLWK UHJDUG WR
REMHFWLYHV LQ WHUPV RI VXSSRUW DQG UHMHFW 7FKDQJDQL
7FKDQJDQLHWDOEXW PDQ\RIWKHDVSHFWV
WKDWGHILQHWKHIDFWRUVDQGWKHLUUHODWLRQVKLSVDUHXVXDOO\
GLIILFXOW WR VSHFLI\ DQGTXDQWLI\ :LMQPDOHQ 7R
DGGUHVV WKLV ZH SURSRVH LQ WKH IROORZLQJ D QHZ
IUDPHZRUNRIHYDOXDWLRQSURFHGXUHZHGHILQHELSRODULW\
E\ SURSRVLQJ VXSSRUWLQJ DQG UHMHFWLQJ QRWLRQV :H
SURSRVH WKHQ DPHWKRG WR LGHQWLI\ DWWULEXWHV WDNLQJ LQWR
DFFRXQW WKHLU ELSRODU QDWXUH LQ WKH %2&5 DQDO\VLV
FRQWH[W

'HILQLWLRQ  $Q REMHFWLYH ݋ LV VDLG WR EH VXSSRUWHG
UHVSHFW UHMHFWHG E\ DQ DWWULEXWH ܽ LI DQG RQO\ LI LWV
YDULDWLRQ LV SRVLWLYHO\ UHVSHFW QHJDWLYHO\ FRUUHODWHG
ZLWK WKH YDULDWLRQ RI WKDW DWWULEXWH 2WKHUZLVH WKLV
DWWULEXWHLVVDLGWREHQHXWUDOZLWKUHJDUGWRWKDWREMHFWLYH
7FKDQJDQLHWDO

7KXV IRU D FRXSOHሺ݋ǡ ݑሻ WKH VHW RI DWWULEXWHV ܣ௢ሺݑሻ
JLYHQ E\ HTXDWLRQ  LV GLYLGHG LQWR D VXEVHW RI
DWWULEXWHV WKDW VXSSRUW REMHFWLYH݋ܣ௦௢ሺݑሻ  DQG D VXEVHWܣோ௢ሺݑሻRIDWWULEXWHVWKDWUHMHFWLW(OLFLWDWLRQRIVHWVܣ௦௢ሺݑሻܣோ௢ሺݑሻFDQEHGRQHLQUHVSRQVHWRTXHVWLRQVOLNH©ZKDWFKDUDFWHULVWLFV RI DOWHUQDWLYH ݑ 
DOORZV
  
SUHYHQWV
 WKH
UHDOL]DWLRQRIDQREMHFWLYH"ª

7KHQXVLQJWKHXQFHUWDLQW\SDUDPHWHUZHGLYLGHWKHVHW
RI VXSSRUWLQJ DWWULEXWHV RI REMHFWLYH݋ǡ ܣ௦௢ሺݑሻEHWZHHQEHQHILFH FHUWDLQ DWWULEXWHV DQG RSSRUWXQLW\ XQFHUWDLQ
DWWULEXWHV 6LPLODUO\ WKH VHWܣோ௢ ሺݑሻLV GLYLGHG EHWZHHQFRVW FHUWDLQ DWWULEXWHV DQG ULVN XQFHUWDLQ DWWULEXWHV
)LJXUHVXPPDUL]HVWKH%2&5KLHUDUFK\

%HQHILW DQG FRVW DWWULEXWHV FDQ EH FRQVLGHUHG DV
LPPHGLDWH FKDUDFWHULVWLFV RI DOWHUQDWLYH ZKHUHDV
RSSRUWXQLW\ DQG ULVN UHSUHVHQW ZKDW FRXOG EH H[SHFWHG
IURPWKLVDOWHUQDWLYH

*2$/
2EMHFWLYHV
%HQHILW% 2SSRUWXQLW\2 &RVW& 5LVN5
FHUWDLQV ,QFHUWDLQV &HUWDLQV ,QFHUWDLQV
$UR$VR
)LJXUH%LSRODUKLHUDUFK\RIDWWULEXWHV
7KH QH[W VWHS LQ WKH GHFLVLRQ SURFHVV LV WR DVVHVV WKH
VWUHQJWK RI WKHVH UHODWLRQVKLSV IRU HDFK DOWHUQDWLYH ZLWK
UHJDUG WR REMHFWLYHV E\ XVLQJ DWWULEXWHV 7R WKLV HQG
VHYHUDO DVVHVVPHQW PHWKRGV FDQ EH FRPELQHG ZLWK
%2&5 DQDO\VLV DPRQJ WKH PRVW FRPPRQ $+3$13
DSSURDFKHV VHH (UGRJPXV HW DO  )HJODUHW DO
6DDW\E6DDW\	6KDQJDQGIX]]\
$+3DSSURDFKHVVHH/HHD/HHE$IWHU
WKDW DVVHVVHG UHVXOWV PXVW EH DJJUHJDWHG LQ D XQLTXH
YDOXHIRUUHFRPPHQGDWLRQSURFHGXUHKHUHDJDLQVHYHUDO
DJJUHJDWLRQPHWKRGV RI  E R F U IDFWRUV DUH SURSRVHG
DQG GLVFXVVHG LQ OLWHUDWXUH VHH IRU H[HPSOH 6DDW\ 	
g]GHPLU 6DDW\ E /HH D 6DDW\
,QWKHQH[WVHFWLRQZHSUHVHQWDQHZHYDOXDWLRQ

DSSURDFK WKDW WDNHV LQWR DFFRXQW TXDQWLILFDWLRQ RI
XQFHUWDLQSDUDPHWHUV

2.1 Procedures in BOCR analysis  
6ROYLQJDGHFLVLRQSUREOHPE\%2&5DQDO\VLVLPSOLHVWR
HYDOXDWHDOWHUQDWLYHVZLWKUHJDUGWRREMHFWLYHVEDVHGRQ
WKHLU SRVLWLYH DWWULEXWHV ሺܾǡ ݋ሻ DQG QHJDWLYH
DWWULEXWHVሺܿǡ ݎሻ 7KH HYDOXDWLRQ SURFHVV DOORZV MXGJLQJ
WKH DELOLW\RI DQ DOWHUQDWLYHݑ WR DFKLHYH DQREMHFWLYH݋
EDVHGRQLWVDWWULEXWHVܣ௢ሺݑሻ

,Q WKH DSSURDFK WKDW ZH SURSRVH SHUIRUPDQFH RI
DOWHUQDWLYHV ZLWK UHJDUG WR DQ REMHFWLYH ݋ LV TXDQWLILHG
XVLQJ D VHW RI LQGLFDWRUVܫ௢ 7KHVH LQGLFDWRUV ZLOO KHOS
PHDVXULQJ WKH DFKLHYHPHQW RI DQ REMHFWLYH ݋ E\ DQ
DOWHUQDWLYHݑEDVHGRQHYDOXDWLRQRILWVDWWULEXWHVܽ௢ሺݑሻ
*LYHQ WKH GLVWULEXWLRQ RI DWWULEXWHV VKRZQ LQ )LJXUH 
SHUIRUPDQFHRIDOWHUQDWLYHݑIRUREMHFWLYH݋LVJLYHQE\
HTXDWLRQ

୭ሺሻ ൌ ɔ୭൫୭ሺሻ൯ ൌ ۖەۖ۔
ۓɔ௕୭൫ୠ୭ሺሻ൯ɔ௢୭൫୭୭ሺሻ൯ɔ௖୭൫ୡ୭ሺሻ൯ɔ௥୭൫୰୭ሺሻ൯

 
ZKHUHɔൈ୭  LV WKH DJJUHJDWHG PHDVXUH RI WKH FRUUHVSRQGLQJFRPSRQHQWUHODWHGWRWKHIDFWRUൈൈൌ ǡ ǡ ǡ ୭ሺሻ YHFWRU RI DWWULEXWHV RI DOWHUQDWLYH ݑ GLYLGHG LQWR
IRXUFRPSRQHQWV
 ܽ௢ሺݑሻ ൌ ሾܽ௕௢ሺݑሻܽ௢௢ሺݑሻܽ௖௢ሺݑሻܽ௥௢ሺݑሻሿ  ൈ୭ ሺሻ LV WKH VXEYHFWRU RI DWWULEXWHV RI DOWHUQDWLYHݑൈ

)RU µFHUWDLQ¶ IDFWRUV JLYHQ FHUWDLQ DWWULEXWHVܽ௢ሺݑሻ
HYDOXDWLRQ IXQFWLRQ ɔൈ୭ ൫ൈ୭ ሺሻ൯ሺൈൌ ǡ ሻ FDQ EH
REWDLQHGE\GLUHFWHYDOXDWLRQRUE\SDLUZLVHFRPSDULVRQ
PHWKRGV OLNH $+3 7FKDQJDQL HW DO  )RU
XQFHUWDLQIDFWRUV WKHGHILQLWLRQDQGPHDVXUHRIULVNDQG
RSSRUWXQLW\ PXVW EH HVWDEOLVKHG WR REWDLQ WKH
FRUUHVSRQGLQJ HYDOXDWLRQ IXQFWLRQVɔൈ୭ ൫ൈ୭ ሺሻ൯ሺൈൌǡ ሻ 7KH IROORZLQJ VHFWLRQ SURYLGHV D GHILQLWLRQ DQG
PHDVXUHVRIULVNDQGRSSRUWXQLW\
3 EVALUATION PROCEDURE FOR RISK AND 
OPPORTUNITY 
$Q\ DOWHUQDWLYH PD\ SUHVHQW VRPH ULVNV WR DYRLG DQG
RSSRUWXQLWLHV WRVHL]H7RFKRRVH WKH µJRRG¶DOWHUQDWLYH
D VWULFW HYDOXDWLRQ RI WKHVH IDFWRUV LV QHFHVVDU\ 7R
SURFHHGWRWKHHVWLPDWLRQRIULVNDQGRSSRUWXQLW\UHODWHG
WR WKH FRUUHVSRQGLQJ DOWHUQDWLYHV ZH SURSRVH LQ WKH
IROORZLQJ GHILQLWLRQ DQG PHWKRGRORJ\ IRU PHDVXULQJ
WKHVHIDFWRUVLQ%2&5DQDO\VLVIUDPHZRUN


3.1 Definition and measure of risk and opportunity  
8QOLNHDVSHFXODWLYHULVNWKDWFRQVLGHUVRSSRUWXQLW\DVD
SRVLWLYH HIIHFW DQG ULVN DV QHJDWLYH HIIHFW RI WKH VDPH
IDFWRU RU HYHQW  ,QVWLWXWH 30  +LOOVRQ 
ULVNDQGRSSRUWXQLW\LQRXUDSSURDFKDUHVWULFWO\QHJDWLYH
DQG SRVLWLYH UHVSHFWLYHO\ DQG  UHODWHG WR LQGHSHQGHQW
HYHQWVRUIDFWRUVDWWULEXWHV
7RNHHSWKHFRPPRQWHUPLQRORJ\XVHGLQOLWHUDWXUHULVN
DQG RSSRUWXQLW\ DWWULEXWH DUH QDPHG UHVSHFWLYHO\ µULVN
IDFWRU¶DQGµRSSRUWXQLW\IDFWRU¶)RUDQDOWHUQDWLYHݑWKH
ULVN UHODWHG WR DQ REMHFWLYH ݋ ZLWK UHJDUG WR WKH ULVN
IDFWRU GHSHQGV RQ WKH RFFXUUHQFH RI WKLV IDFWRU DQG
QHJDWLYHLPSDFWLWPD\KDYHRQWKHREMHFWLYH7RLGHQWLI\
D ULVN PHDVXUH LW¶V UHTXLUHG WR DQVZHU WKUHH TXHVWLRQV
+DLPHVHWDO
L :KDWFDQJRZURQJ",GHQWLILFDWLRQRIULVNIDFWRU
LL :KDWLVWKHOLNHOLKRRGRIWKDWKDSSHQLQJ"
3UREDELOLW\RIRFFXUUHQFH
LLL :KDWDUHWKHFRQVHTXHQFHVRQWKHREMHFWLYH݋LILW
JRHVZURQJ"
7KH RSSRUWXQLW\ FDQ EH LGHQWLILHG DQG PHDVXUHG
WKURXJKVLPLODUTXHVWLRQV
L :KDWFDQJRZHOO"
LL :KDWLVWKHOLNHOLKRRGWKDWLWJRHVZHOO"
LLL :KDWDUHWKHFRQVHTXHQFHVRQWKHREMHFWLYH݋LILW
JRHVZHOO"
'HILQLWLRQ  /HWܴ௢ሺݑሻ DQGܱ௢ሺݑሻ EH UHVSHFWLYHO\ WKH
PHDVXUHRIULVNDQGRSSRUWXQLW\UHODWHGWRDQREMHFWLYH݋
IRUDQDOWHUQDWLYHݑWKHVHPHDVXUHVDUHJLYHQE\
 ܴ௢ሺݑሻ ൌ ߮௥௢൫ܽ௥௢ሺݑሻ൯ ൌ ܵ௥௢ ൫ܽ௥௢ሺݑሻ൯ܲݎ൫ܽ௥௢ሺݑሻ൯  
ܱ௢ሺݑሻ ൌ ߮௢௢൫ܽ௢௢ሺݑሻ൯ ൌ ܫ݉݌௥௢൫ܽ௢௢ሺݑሻ൯ܲݎ൫ܽ௢௢ሺݑሻ൯  

ZKHUHܵ௥௢LVWKHVHYHULW\RIULVNIDFWRUVRQWKHDFKLHYHPHQWRIREMHFWLYH݋ܫ݉݌௥௢ LV WKH LPSRUWDQFH RI RSSRUWXQLW\ IDFWRUV RQ WKHDFKLHYHPHQWRIREMHFWLYH݋

3DUDPHWHUVܵ௥௢ሺǤ ሻ DQG ܫ݉݌௥௢ሺǤ ሻ DUH RIWHQ PHDVXUHGQXPHULFDOO\ DQG FDQ WDNHPDQ\ IRUPV7RREWDLQ WKHP
ZH PXVW GHILQH ZKDW LV PHDQW E\ µDFKLHYLQJ DQ
REMHFWLYH¶ )RU XV DFKLHYLQJ DQ REMHFWLYH LV PHDVXUHG
WKURXJK WKH DFKLHYHPHQW RU QRW RI LWV LQGLFDWRUV 7KXV
WKH VHYHULW\ RI D ULVN IDFWRU IRU DQ REMHFWLYH ݋ FDQ EH
PHDVXUHG E\ WKH GHJUHH RI QRQDFKLHYHPHQW RI WKHVH
REMHFWLYHLQGLFDWRUV

$VGHFLVLRQPDNHUVDUHEHWWHUDEOHWRFRPPHQWRQWUHQGV
UDWKHU WKDQ IL[HG YDOXHV RQH SRVVLELOLW\ WR GHILQH WKLV
DFKLHYHPHQW LV WR XVH D IX]]\ GLVFUHWL]DWLRQ )RU
LQVWDQFHDQLQGLFDWRULPD\EHHYDOXDWHGRYHUDVHWܮ௜RIODEHOVܮ௜ ൌ ሼ݈ଵǡ ݈ଶǡ ǥ Ǥ ǡ ݈௡ሽǡVXFKDV^ORZPHGLXPKLJKYHU\ KLJK HWF` XVHG WR DVVHVV WKH GHJUHH RI
DFKLHYHPHQWRIDQREMHFWLYH݅$PRQJWKHVHODEHOVVRPH

ODEHOV ZLOO EH QDPHG µJUHHQ ODEHOV¶ WKDW LV WKH\
FRUUHVSRQG WR WKH UHDOL]DWLRQ RI WKH LQGLFDWRU DQG RWKHU
QDPHG 
UHG ODEHOV
 EHFDXVH WKH\ PXVW EH DYRLGHG
&RQVHTXHQWO\VHYHULW\PD\EHWKHQJLYHQE\HTXDWLRQ
 ܵ௥௢൫ܽ௥௢ሺݑሻ൯ ൌ ܲݎ൫݅ݐܽ݇݁ݏܽݎ݁݀݈ܾ݈ܽ݁หܽ௥௢ሺݑሻ൯  

6LPLODUO\ LPSRUWDQFHUHODWHG WRRSSRUWXQLW\ LVJLYHQE\
HTXDWLRQ
 ܫ݉݌௢௢ ൫ܽ௢௢ሺݑሻ൯ൌ ܲݎ൫݅ݐܽ݇݁ݏܽ݃ݎ݁݁݊݈ܾ݈ܽ݁หܽ௢௢ሺݑሻ൯  

:HGRWKLQNWKDWGHFLVLRQPDNHUVDQGRUH[SHUWLQWHUSUHW
EHWWHU LQIRUPDWLRQ UHTXHVWHG RI WKHP ZLWK WKHVH
IRUPXODWLRQV 'DWD QDWXUH TXDOLW\ DQG TXDQWLW\ ZLOO
GHWHUPLQH WKH PHWKRGV IRU HVWLPDWLRQ RI FRQGLWLRQDO
SUREDELOLWLHV7KHGHJUHHRIH[SHUWNQRZOHGJHDOVRSOD\V
DUROHLQWKHFKRLFHRIYDOXDWLRQPHWKRGLIWKHHVWLPDWLRQ
LV PDGH E\ H[SHUWLVH 'DWD FDQ EH RI YDULRXV NLQGV
FHUWDLQXQFHUWDLQTXDQWLWDWLYHRUTXDOLWDWLYH ,IGDWDDUH
TXDQWLWDWLYH DQG FHUWDLQ LQ ODUJH TXDQWLWLHV VWDWLVWLFDO
PHWKRGV FDQ EH GHSOR\HG WR FDOFXODWH FRQGLWLRQDO
SUREDELOLWLHV,QWKHFDVHZKHUHGDWDDUHPLVVLQJDQGRU
DUH XQFHUWDLQ DQG TXDOLWDWLYH KXPDQ H[SHUWLVH LV
LQYROYHG DQG VXEMHFWLYH MXGJPHQWV DUH PDGH E\ H[SHUW
GHFLVLRQ PDNHUV 7KH $+3$13 DSSURDFKHV PD\ EH
SURSRVHG WR DOORZ WKH DVVHVVPHQW RI FRQGLWLRQDO
SUREDELOLWLHV E\ SDLUZLVH FRPSDULVRQ RU SURVSHFWLYH
PHWKRGV VXFK DV 6PLF3URE ([SHUW *RGHW 0RQWL
0HXQLHU 	 5RXEHODW  0DUWLQR  ZKLFK
DLPV WR GHWHUPLQHVLPSOHDQGFRQGLWLRQDOSUREDELOLWLHV
RI DVVXPSWLRQV DQG  RU HYHQWV IURP H[SHUW RSLQLRQ
+RZHYHU WKHHVWLPDWLRQFDQEHFKDUDFWHUL]HGE\D ODFN
RI SUHFLVLRQ XQFHUWDLQW\ DQG VXEMHFWLYLW\ 7R SUHYHQW
WKLV WKH IX]]\ ORJLF %RXFKRQ0HXQLHU  .OLU HW
DOSURSRVHVWRPDQDJHKHVLWDWLRQDPELJXLW\DQG
RYHUFRPH OLPLWDWLRQV RI FODVVLFDO %RROHDQ ORJLF ,W
SURSRVHVWRIRUPDOL]HWKHXVHRIYDJXHWHUPVDQGPDNHV
WKHPDEOHWREHPDQLSXODWHG)LQDOO\LIGDWDDUHLJQRUHG
WRWDOO\ RU SDUWLDOO\ WKH WKHRU\ RI HYLGHQFH 6KDIHU
FDQWUHDWXQFHUWDLQW\DQGKDQGOHHYHQWVWKDWDUHQRW
QHFHVVDULO\ H[FOXVLYH 7KLV DOORZV WKH H[SOLFLW
UHSUHVHQWDWLRQ RI WKH XQFHUWDLQW\ WDNLQJ LQWR DFFRXQW
ZKDWLVXQNQRZQ

7R VLPSOLI\ HYDOXDWLRQ DQG UHFRPPHQGDWLRQ GDWD
DJJUHJDWLRQLVQHHGHG,QLWLDOO\WKHVHYHULW\LPSRUWDQFH
FDOFXODWHG ZLWK UHJDUG WR ULVN  RSSRUWXQLW\ IDFWRUV DUH
DJJUHJDWHG IRU HDFK REMHFWLYH IRU H[DPSOH ZH QRWH୰୭ሺǤ ሻDJJUHJDWLRQUHVXOWRI୰ǡ୧୭ ሺǤ ሻZKHUHLLVWKHLQGH[RI
ULVN IDFWRU ୰ǡ୧୭  DQG ZH ZULWH୰୭ሺǤ ሻ ൌ ܽ݃ݎ݁݃ܽݐ݅݋݊݋݂୰ǡ୧୭ ሺǤ ሻ ,Q VHFRQG VWHS WKH
JOREDO ULVN  RSSRUWXQLW\ RI HDFK DOWHUQDWLYH DUH
DJJUHJDWHG RYHU DOO WKH REMHFWLYHVሺܴሺݑሻȀܱሺݑሻ ܽ݃݃ݎ݁݃ܽݐ݅݋݊݋݂൫ܴ݋ሺݑሻȀܱ݋ሺݑሻ൯ 7KH QH[W VHFWLRQ LV
GHYRWHGWRPHWKRGVRIDJJUHJDWLRQWKDWFDQEHXVHG
4 AGREGATION METHODS 
:H FRQVLGHU JHQHULFDOO\ LQ WKLV VHFWLRQ D VHW ܺ ൌሼݔଵǡ ݔଶǡ ǥ ǡ ݔ௡ሽ RI SRVLWLYH QXPHULFDO YDOXHV WR EHDJJUHJDWHGWRREWDLQDVLQJOHYDOXH

7KHDJJUHJDWLRQFRQFHSW LVDFRPPRQIHDWXUHRIDOO WKH
PXOWLFULWHULD GHFLVLRQPDNLQJ SUREOHP HYDOXDWLRQ
SURFHGXUHV 0XOWL$WWULEXWHV 8WLOLW\ 7KHRU\ 0$87
DSSURDFK RU 2XWUDQNLQJ 0HWKRGV ,Q WKH 0$87
SURFHGXUH RQHGLPHQVLRQDO XWLOLW\ IXQFWLRQV DUH
DJJUHJDWHG LQWRDVLQJOHRYHUDOOXWLOLW\E\FRPELQLQJDOO
WKH DWWULEXWHV ZKLOH LQ WKH RXWUDQNLQJ PHWKRGV DV
(/(&75( ZH DJJUHJDWH WKH SUHIHUHQFH UHODWLRQV LQ
SDLUVRIDOWHUQDWLYHVVHH*UDELVFKDQG6FKlUOLJ


7KHPRVW XVHG DJJUHJDWLRQPHWKRG XQWLO UHFHQWO\ LVWKH
ZHOO NQRZQ :HLJKWHG $ULWKPHWLF 0HDQ -0DULFKDO
 *UDELVFK	/DEUHXFKH  *UDELVFK HW DO


+RZHYHU WKHVH PHWKRGV KDYH WKH GLVDGYDQWDJH RI
LJQRULQJLQWHUDFWLRQEHWZHHQHOHPHQWVWRDJJUHJDWHVXFK
DVV\QHUJ\UHGXQGDQF\RULQGHSHQGHQFH7RFRUUHFWWKLV
IX]]\ LQWHJUDOV KDYH EHHQ VHW XS WR FRQVLGHU WKHVH
LQWHUDFWLRQV $PRQJ WKHVH LQWHJUDOV WKH &KRTXHW
LQWHJUDO0DULFKDO0DULFKDO*UDELVFK
LVJRLQJWREHLQWURGXFHGLQWKHQH[WVHFWLRQ

4.1 The Choquet Integral 
7KH &KRTXHW LQWHJUDO LV FRQVLGHUHG OLNH DQ DGHTXDWH
VXEVWLWXWH IRU WKHZHLJKWHGDULWKPHWLFPHDQ LWSURSRVHV
WRGHILQHZHLJKW QRW RQO\ IRU HDFK HOHPHQWEXW DOVR IRU
HDFK VXEVHW RI HOHPHQWV 0DULFKDO  ,W KDV EHHQ
SURSRVHG E\ PDQ\ DXWKRUV WR DJJUHJDWH LQWHUDFWLQJ
HOHPHQWVLQWKHFDVHRIFDUGLQDOXQLSRODUVFDOHVLQPXOWL
FULWHULD GHFLVLRQ PDNLQJ 0DULFKDO  *UDELVFK
7RREWDLQLWZHPXVWGHILQHDIX]]\PHDVXUHRQ
;6XJHQRP

'HILQLWLRQ 7KH IX]]\ PHDVXUH DOVR FDOOHG FDSDFLW\
GHILQHGRQWKHVHW;RIHOHPHQWVWRDJJUHJDWHUHSUHVHQWV
WKHRYHUDOOVFRUHRIILQDOHOHPHQWVWREHHYDOXDWHG,WLVD
IXQFWLRQǣʹଡ଼ ՜ ሾͲǡͳሿVDWLVI\LQJ WKH IROORZLQJ
FRQGLWLRQVሻ ሺ׎ሻ ൌ Ͳǡ ሺሻ ൌ ͳǡሻ  ك  ฺ ሺሻ ൑ ሺሻǡ ׊ǡ  ك 

ZKHUHʹଡ଼LVWKHVHWRISDUWVRI;

)RUDOO ك ǡ ሺሻFDQEHLQWHUSUHWHGDVWKHZHLJKWRIWKH
LPSRUWDQFH RI HOHPHQWV FRPELQDWLRQ RI WKH VHW 6
ZHLJKWVUHODWLYHWR6

'HILQLWLRQ  /HW EH D IX]]\ PHDVXUH RQ ; WKH
&KRTXHW LQWHJUDORIQXPHULFDO IXQFWLRQ[ZLWKUHJDUG WR
YLVGHILQHGE\
୴ሺሻ ؔ ෍൫൫ሺ୧ሻ൯หሺ୧ሻ െ ሺ୧ିଵሻห൯୬୧ୀଵ   
:KHUH  LQGLFDWHV SHUPXWDWLRQ RI ; VXFK WKDWͲ ൑ሺଵሻ ൑ ڮ ൑ ሺ୬ሻDQGሺሻ ൌ ሼሺሻǡ ǥ ǡ ሺሻሽ

)RU PRUH GHWDLOV RQ WKH D[LRPDWLF FKDUDFWHUL]DWLRQ RI
&KRTXHW LQWHJUDOV ZH UHIHU WKH UHDGHU WR UHIHUHQFHV
0DULFKDO-/0DULFKDO-/

2QHGLVDGYDQWDJHRIWKH&KRTXHWLQWHJUDOXVHWRGHILQHD
IX]]\ PHDVXUH WKDW UHTXLUHV WKH QHFHVVLW\ WR VSHFLI\ʹ௡ െ ʹFRHIILFLHQWVIRUDVHWRI݊HOHPHQWVZKLFKFDQEH
GLIILFXOWWRREWDLQIRUODUJHYDOXHVRI݊7RRYHUFRPHWKLV
GLIILFXOW\PHWKRGVEDVHGRQVSHFLILFFDSDFLWLHVUHTXLULQJ
IHZHU FRHIILFLHQWV KDYH EHHQ SURSRVHG $PRQJ WKHVH
PHWKRGV GHFRPSRVDEOH FDSDFLWLHV DQG NDGGLWLYH
FDSDFLWLHV 'HFRPSRVDEOH FDSDFLWLHV DUH EDVHG RQ WKH
LGHD WKDW HOHPHQWV FDQ EH SDUWLWLRQHG LQWR ݃ JURXSV RI
HOHPHQWV LQGLVWLQJXLVKDEOH ZKLOH NDGGLWLYH FDSDFLWLHV
DUHFDSDFLWLHVZLWKLQGH[HVRILQWHUDFWLRQ]HUREH\RQGN
HOHPHQWV 7KLV DOORZV WR GHGXFH WKDW D DGGLWLYH
FDSDFLW\DPRXQWVWRDQDGGLWLYHFDSDFLW\LQWKLVFDVHWKH
&KRTXHWLQWHJUDOLVUHGXFHGWRDZHLJKWHGDYHUDJHZKLOH
DGGLWLYH FDSDFLW\ FRQVLGHUV LQWHUDFWLRQ EHWZHHQ WZR
HOHPHQWV RQO\ 7KH ODWWHU DSSURDFK KDV EHHQ
H[SHULPHQWDOO\IDYRUHGLQWKHVHQVHWKDWWKHSDVVDJHRID
DGGLWLYHFDSDFLW\RQNDGGLWLYHFDSDFLW\SURYLGHVOLWWOH
SUHFLVLRQZKLOHWUDQVLWLRQWRDDGGLWLYHFDSDFLW\FDXVHV
D VLJQLILFDQW ORVV RI SUHFLVLRQ *UDELVFK 	 0LUDQGD
 0 *UDELVFK  %\ XVLQJ VRPH LQGLFHV
QDPHO\ LQWHUDFWLRQ LQGLFHV VRPH DSSURDFKHV VXFK DV
WKDW XVHG E\ WKH VRIWZDUH WKDW ZLOO EH HPSOR\HG LQ WKH
DSSOLFDWLRQH[DPSOH WU\ WRRYHUFRPHWKLVFRPELQDWRULDO
GLIILFXOWLHV
4.1.1 Interaction index
,WKHOSVWRH[SODLQWKHSKHQRPHQDRILQWHUDFWLRQEHWZHHQ
HOHPHQWV L DQG M UHODWHG WR Y LW LV GHILQHG E\ - /
0DULFKDODVሺǡ ሻ ؔ  ෍ ሺ െ  െ ʹሻǨ Ǩሺ െ ͳሻǨ୘كଡ଼ך୧୨ ൣሺο୧୨ሻሺሻ൧  

:KHUHሺο୧୨ሻሺሻ ൌ ሺ ׫ ሻ െ ሺ ׫ ሻ െ ሺ ׫ ሻ ൅ ሺሻ

,I ሺǡ ሻ  WKHQ ZH VD\ WKDW L DQG M DUH SRVLWLYHO\
FRUUHODWHGRUFRPSHWLWLYH,QFRQWUDVWLIሺǡ ሻ!LDQG
M DUH QHJDWLYHO\ FRUUHODWHG WKHUHIRUH FRPSOHPHQWDU\
)LQDOO\LIሺǡ ሻ HOHPHQWVLDQGMDUHLQGHSHQGHQW

7KHUH DUH RWKHU LQGH[HV WRKHOS UHVXOWV LQWHUSUHWDWLRQRI
WKH &KRTXHW LQWHJUDO DV WKH LPSRUWDQFH LQGH[ DQG WKH
LQGH[ RI LQIOXHQFH 0DULFKDO  7ROHUDQFH RI
GHFLVLRQPDNHUVDQGWKHFULWLFDOHOHPHQWVWKDWLPSDFWRQ
WKH RYHUDOO VFRUH FDQ DOVR EH LGHQWLILHG DQG TXDQWLILHG
VHH 0DULFKDO  DQG 'XERLV 	 .RQLQJ 
6HYHUDO VSHFLDO FDVHV RI WKH &KRTXHW LQWHJUDO DUH
GLVFXVVHG LQ OLWHUDWXUH WKH LQWHUHVWHG UHDGHUFDQ UHIHU WR
0DULFKDO  IRU D UHYLHZ DUWLFOH DQG *UDELVFK	
/DEUHXFKH  IRU D PRUH GHWDLOHG VWXG\ RI WKH
&KRTXHWLQWHJUDO LQDVSHFLDOZD\DQGIX]]\LQWHJUDOVLQ
JHQHUDO $ JHQHUDOL]DWLRQ RI &KRTXHW LQWHJUDO KDV DOVR
EHHQ UHFHQWO\ SURSRVHG E\ *UHFR DQG DO *UHFR HW DO

5 FINAL EVALUATION  
7KH ILQDO HYDOXDWLRQ SURFHVV LV WR DJJUHJDWH E R F U
IDFWRUVUHODWHGWRHDFKDOWHUQDWLYHWRUHSUHVHQWHYDOXDWLRQ
RI DOWHUQDWLYHV E\ D VLQJOH GHJUHH 6DDW\ 6DDW\ 
SURSRVHGILYHZD\V WRFRPELQHERF U VFRUHVRIHDFK
DOWHUQDWLYH SUREDELOLVWLF DGGLWLYH VXEWUDFWLYH
PXOWLSOLFDWLYH SULRULW\ SRZHUV PXOWLSOLFDWLYH ,Q RXU
DSSURDFK FRQFHSW RI ELSRODULW\ LV UHFRQVLGHUHG LQ WKH
ILQDO HYDOXDWLRQ E\ PHDVXULQJ VXSSRUWDELOLW\ DQG
UHMHWDELOLW\ RI HDFK DOWHUQDWLYH DV LV WKH FDVH RI
VDWLVILFLQJ JDPHV WKHRU\ WKDW ZH SURSRVH DV D ILQDO
DJJUHJDWLRQPHWKRG6HH7FKDQJDQL7FKDQJDQL
D7FKDQJDQLE

5.1 Aggregation by satisficing game theory and 
final recommendation 
7KHXVHRIVDWLVILFLQJJDPHWKHRU\LQWKH%2&5DQDO\VLV
IUDPHZRUN FRQVLVWV LQ WKH DJJUHJDWLRQ RI EHQHILW DQG
RSSRUWXQLW\LQVHOHFWDELOLW\PHDVXUHDQGFRVWDQGULVNLQ
UHMHFWDELOLW\ PHDVXUH $JJUHJDWLRQ LV UHDOL]HG WKURXJK
WKHIROORZLQJHTXDWLRQVDQG
 ߰௦ሺݑሻ ൌ ߜܤሺݑሻ ൅ ሺͳ െ ߜሻܱሺݑሻ   ߰௥ሺݑሻ ൌ ሺͳ െ ߜሻܥሺݑሻ ൅ ߜܴሺݑሻ  
ZKHUHܤሺݑሻǡ ܱሺݑሻǡ ܥሺݑሻǡ ܴሺݑሻDUH UHVSHFWLYHO\ WKH UHVXOWV RI
DJJUHJDWLRQ RI EHQHILW RSSRUWXQLW\ FRVW DQG ULVN
FRPSRQHQWVߜǣ LV WKH ULVN DYHUVLRQ LQGH[ ,W SHUPLWV WR FRQVLGHU WKH
ULVNDYHUVLRQRIDGHFLVLRQPDNHU,QGH[ߜ LVEHWZHHQ
DQGPRUH LW LV FORVH WR JUHDWHU LV ULVN DYHUVLRQRI
GHFLVLRQPDNHUZKRSHVVLPLVWLFZLOOWHQGWRJLYHPRUH
LPSRUWDQFH WR ULVN WKDQ FRVW LQ UHMHFWDELOLW\ PHDVXUH
HTXDWLRQ   DQG SHQDOL]H RSSRUWXQLW\ LQ IDYRU RI
EHQHILWLQVHOHFWDELOLW\PHDVXUHHTXDWLRQ

&RQYHUVHO\ZKHQWKHULVNDYHUVLRQLQGH[WHQGVWRWKH
GHFLVLRQPDNHULVRSWLPLVW+HZLOOIRFXVRQRSSRUWXQLW\
WREHQHILWLQWKHVHOHFWDELOLW\PHDVXUHDQGZLOORYHUORRN
ULVNDJDLQVWFRVWLQWKHUHMHFWDELOLW\PHDVXUH

)LQDOO\VHOHFWDELOLW\DQGUHMHFWDELOLW\IXQFWLRQVDUHJLYHQ
UHVSHFWLYHO\E\WKHIROORZLQJHTXDWLRQVDQG

 ߤ௦ሺݑሻ ൌ ߰௦ሺݑሻσ ߰௦ሺݒሻ௩א௎   

 ߤ௥ሺݑሻ ൌ ߰௥ሺݑሻσ ߰௥ሺݒሻ௩א௎   
)URP WKHVH VHOHFWDELOLW\ DQG UHMHFWDELOLW\ IXQFWLRQV RU
PHDVXUHV RQH FDQGHILQH VRPH LQWHUHVWLQJ VHWV WKDW FDQ
EH XVHG LQ ILQDO UHFRPPHQGDWLRQ SURFHGXUH VHH
7FKDQJDQLHWDO

7KH VDWLVILFLQJ VHW ȈT ك 8 DW D EROGQHVV RU FDXWLRQ
LQGH[ T LV WKH VHW RI DOWHUQDWLYHV GHILQHG E\ WKH
IROORZLQJHTXDWLRQ

 ߑݍ ൌ  ሼݑ א ܷ ׷  ߤௌሺݑሻ ൒ ݍߤோሺݑሻሽ   
7KHFDXWLRQLQGH[TFDQEHXVHGWRDGMXVWWKHDVSLUDWLRQ
OHYHO LQFUHDVH T LI WRR PDQ\ DOWHUQDWLYHV DUH GHFODUHG
VDWLVILFLQJRURQ WKHFRQWUDU\GHFUHDVHT LIȈT LV HPSW\
IRU LQVWDQFH %XW D VDWLVILFLQJ DOWHUQDWLYH PD\ EH
GRPLQDWHG WKDW LV WKHUH PD\ H[LVW RWKHU DOWHUQDWLYH IRU
ZKLFK WKH VHOHFWDELOLW\ PHDVXUH LV KLJKHU DQG WKH
UHMHFWDELOLW\PHDVXUH ORZHU WKDQ LWV 6RPH OHW XVGHILQH
WKHHTXLOLEULXPVHWܧDVDOWHUQDWLYHVIRUZKLFK WKHUHDUH
QR VWULFWO\ EHWWHU DOWHUQDWLYHV LW LV JLYHQ E\ HTXDWLRQ


 ܧ ൌ  ሼݑ א ܷ ׷ ܦሺݑሻ ൌ ׎ሽ   

ZKHUH ܦሺݑሻ LV WKH VHW RI DOWHUQDWLYHV WKDW DUH VWULFWO\
EHWWHU WKDQ ݑǡDQG WKH VDWLVILFLQJ HTXLOLEULXP VHWܧ௤௦  LV
JLYHQE\HTXDWLRQ

 ܧ௤௦ ൌ ܧ ת ߑݍ   

7KHGRPLQDQFHUHODWLRQVKLSVEHWZHHQDOWHUQDWLYHLVWKHQ
JLYHQDVܧ௤௦ FRQWDLQVWKHEHVWDOWHUQDWLYHVLWLVQRWHDV\
WRFRPSDUHHOHPHQWV IURPܧ െ ߑݍ HTXLOLEULXPEXWQRW
VDWLVILFLQJDQGߑݍ െ ܧVDWLVILFLQJEXWQRWHTXLOLEULXP
DQG ܷ െ ܧ ׫ ߑݍ FRQWDLQV FRPSOHWHO\ LUUHOHYDQW
DOWHUQDWLYHV
6 APPLICATION   
,Q WKLV VHFWLRQ ZH DSSO\ RXU DSSURDFK WR D UHDO VL]H
SUREOHPDGGUHVVHGE\/HH HW DO $/HHHW DOF
/HH HW DO XVHG $+3 SURFHGXUH DVVRFLDWHG ZLWK %2&5
DQDO\VLV WR H[DPLQH WKH IHDVLELOLW\ RI D VHOHFWLRQ RI D
ZLQGIDUPVSURMHFWLQDQDQRQ\PRXVSURYLQFHLQ&KLQD
6.1 Data 
)LYH SRWHQWLDO VLWHV DOWHUQDWLYHV QRWHG $ WR ( ZHUH
H[DPLQHGLQWKHIHDVLELOLW\DQDO\VLVIRUWKHLQVWDOODWLRQRI
:LQGIDUPV6LWHVZHUHHYDOXDWHGRQWKHLUSHUIRUPDQFH
EXVLQHVVGULYHUVDQGVRFLRHFRQRPLFQHHGV REMHFWLYHV
$WWULEXWHV DQG VXEDWWULEXWHV VHWV KDG EHHQ VHOHFWHG E\
H[SHUWV EDVHG RQ OLWHUDWXUH UHYLHZV DQG SUDFWLFDO
H[SHULHQFHV7KHH[SHUWFRPPLWWHHZDVFRPSRVHGRI
 PHPEHUV ZKR KDG UHOHYDQW SURIHVVLRQDO NQRZOHGJH
DERXWWKHREMHFWLYHVWREHHYDOXDWHGDQGRQHWKLUGRIWKH
WRWDOQXPEHUDWOHDVWZDVRXWVLGHH[SHUWVRUVFKRODUV$
/HH HW DO F 7KLV FRQVWUXFWLRQ IDFLOLWDWHV WKH
SUREOHP DGDSWDWLRQ WR RXU DSSURDFK E\ FRQVLGHULQJ
µDWWULEXWHV¶ DV µLQGLFDWRUV¶ DQG µVXEDWWULEXWHV¶ DV
µDWWULEXWHV¶ WKH SUREOHP GDWD DUHPHQWLRQHG LQ WDEOH 
1RWH WKDW DOO GDWD LV H[WUDFWHG IURP /HH HW DO ZKR
FRQVLGHUFRPPRQDWWULEXWHV IRUHYHU\FRXSOHREMHFWLYH
DOWHUQDWLYH

Factors Indicators Attributes
Benefits D:LQG
DYDLODELOLW\

D*HRJUDSKLFDOGLVWULEXWLRQ
RIZLQGVSHHGIUHTXHQF\
D0HDQZLQGSRZHUGHQVLW\
D$QQXDOPHDQZLQGVSHHG
E6LWH
DGYDQWDJH

E,QIOXHQFHRIVHOHFWHG
KHLJKWRILQVWDOODWLRQ
E(IIHFWRIZLQGJXVWLQJ
E0LFURVLWLQJRI:(*V
F:(*
IXQFWLRQV

F5HDODQGWHFKQLFDO
DYDLODELOLW\
F$IIRUGDEOHUHOLDEOHDQG
PDLQWHQDQFHIUHH
F3RZHUIDFWRUFDSDFLW\
IDFWRU
Opport. G)LQDQFLDO
VFKHPHV

G6ZLWFKDEOHWDULII
G'LVFRXQWRIWD[UDWHDQG
GXW\UDWH
G2WKHULQYHVWPHQWDQG
SURGXFWLRQLQFHQWLYHV
H3ROLF\VXSSRUW

H:LQGSRZHUFRQFHVVLRQ
SURJUDP
H&OHDQGHYHORSPHQW
PHFKDQLVPVSURJUDP
H2WKHUSROLF\VXSSRUWV
I$GYDQFHG
WHFKQRORJLHV

I&RPSXWHUL]HGVXSHUYLVRU\
I9DULDEOHVSHHGZLQG
SRZHUJHQHUDWLRQ
I6ZHSWDUHDRIDWXUELQH
URWRU
Costs 


J:LQGWXUELQH

I6WDWLFUHDFWLYHSRZHU
FRPSHQVDWRUHWF
J'HVLJQDQGGHYHORSPHQW
J0DQXIDFWXULQJ

K&RQQHFWLRQ
J,QVWDOODWLRQPDLQWHQDQFH
K(OHFWULFFRQQHFWLRQ

L)RXQGDWLRQ
K*ULGFRQQHFWLRQ
L0DLQFRQVWUXFWLRQ
Risks 
 L3HULSKHUDOFRQVWUXFWLRQ
M&RQFHSW
FRQIOLFW
(QWUHSUHQHXUVSROLF\PDNHUV
UHVLGHQWV
N7HFKQLFDO
ULVNV
7HFKQLFDOFRPSOH[LW\DQG
GLIILFXOWLHV
7DEOH,QGLFDWRUVDQGDWWULEXWHVIRUZLQGIDUPSURMHFW

([SHUWV KDYH HYDOXDWHG LQGLFDWRUV DQG DWWULEXWHV ZLWK
UHVSHFW WR WKH VDPH XSSHU OHYHO IDFWRUV DQG LQGLFDWRUV
UHVSHFWLYHO\ 3DLUZLVH FRPSDULVRQV UHVXOWV ZHUH
FRPELQHGXVLQJWKHJHRPHWULFDYHUDJHPHWKRG 5HVXOWV
DUHVXPPDUL]HGLQWDEOH

Factors Indicators Weights Attributes Priority
B D  D 
  D 
  D 

E  E 
  E 
  E 
F  F 
  F 
  F 
O G  G 
  G 
  G 
H  H 
  H 
  H 
I  I 
  I 
  I 
  I 
C J  D 
K  D 
L  D 
R M  E 
N  E 
O  E 
D7KHFRVWVRIDWWULEXWHVXQGHUHDFKFRVWLQGLFDWRUDUHVXPPHGXSLQWKHHYDOXDWLRQ
E )RU LQGLFDWRUV XQGHU WKH ULVNV IDFWRU WKHUH LV QR ORZHUOHYHO DWWULEXWHV WKHUHIRUH
LQGLFDWRUVDUHFRQVLGHUHGDVVXFK
7DEOH5HODWLYH,PSRUWDQFHRILQGLFDWRUVDQGDWWULEXWHV

7KH SHUIRUPDQFH UHVXOWV RI GLIIHUHQW DOWHUQDWLYHV XQGHU
YDULRXV DWWULEXWHV DUH FROOHFWHG DQG VXPPDUL]HG LQ
WDEOH

Alternative Factor Attributes
A %          2          
&          
5          
B %          2          
&          
5          
C %          2          
&          
5          
D %          2          
&          
5          
E %          2          
&          
5          
7DEOH(YDOXDWLRQRIDOWHUQDWLYHVIRUHDFKDWWULEXWH

7KHVHHYDOXDWLRQYDOXHVDUHQRUPDOL]HGE\GLYLGLQJIRU
HDFK DOWHUQDWLYH LWV HYDOXDWLRQ YDOXH JLYHQ DQ DWWULEXWH
E\WKHVXPRIYDOXHVHYDOXDWLRQRIDOODOWHUQDWLYHVIRUWKH
VDPHDWWULEXWH7KHJRDO LV WRKDYH WKH VDPHPDJQLWXGH
YDOXHVEHWZHHQDQGIRUDOODWWULEXWHV
6.2 Results
7KHRYHUDOOSHUIRUPDQFHVRIDOWHUQDWLYHVDUHREWDLQHGE\
DJJUHJDWLQJHYDOXDWLRQVE\&KRTXHWLQWHJUDO
$JJUHJDWLRQ LV GRQH LQ WZR VWDJHV WKH ILUVW LV WR
DJJUHJDWH DOO DWWULEXWHV RI HDFK LQGLFDWRU WR UHSUHVHQW
WKHP RQ D VLQJOH YDOXH 7KH VHFRQG VWHS FRQVLVWV LQ
DJJUHJDWLQJ WKH LQGLFDWRUV RI HDFK IDFWRU WR REWDLQ WKH
SHUIRUPDQFH HYDOXDWLRQ RI DOWHUQDWLYHV RQ WKH E R F U
IDFWRUV7RRYHUFRPHGLIILFXOWLHVUHODWHGWRWKHGHILQLWLRQ
RIIX]]\PHDVXUHVE\VSHFLI\LQJʹ௡ െ ʹFRHIILFLHQWVZH
XVHGDVRIWZDUHIRUWKHFDOFXODWLRQRIIX]]\LQWHJUDOVHH
OLQN KWWSZZZLVFVHQVKXXDFMSaWKF(IX]]\
ZHEIPKWPO,WFDOFXODWHVWKH&KRTXHWLQWHJUDOXVLQJ
DFODVVRIIX]]\PHDVXUHVQDPHGȜIX]]\PHDVXUHV7KH
SULQFLSOH RI ȜIX]]\ PHDVXUHV LV WR JHQHUDWH IX]]\
PHDVXUHV EDVHG RQ DQ LQGH[ RI LQWHUDFWLRQ Ȝ RU x DQG
LQGLYLGXDOZHLJKWVRIHOHPHQWV ,QGH[HVRI LQWHUDFWLRQȜ
RU x DUH HTXLYDOHQW DQG UHSUHVHQW LQWHUDFWLRQ DVVRFLDWHG
ZLWK FRPELQDWLRQV RI HOHPHQWV WKH\ DUH GHILQHG DV
IROORZV
ɉ א ሾെͳǡ൅λሾ Ȝ Ȝ  Ȝ൅λ
x א ሾͲǡ ͳሿ ͲǤͷ ൏ x ൏ ͳ x ൌ ͲǤͷ Ͳ ൏ x ൏ ͲǤͷ
5HODWLRQ &RQFXUUHQFH ,QGLIIHUHQFH &RPSOHPHQWDULW\
7DEOH,QWHUDFWLRQLQGH[HVXVHGE\VRIWZDUH

2QFH WKH IX]]\ PHDVXUHV KDYH EHHQ JHQHUDWHG WKH
&KRTXHW LQWHJUDO FDQ EH FDOFXODWHG DQG D VHQVLWLYLW\
DQDO\VLVUHDOL]HG

$VDOUHDG\PHQWLRQHGWKHILUVWVWDJHRIDJJUHJDWLRQLVWR
UHSUHVHQWHDFKLQGLFDWRURIHDFKIDFWRUE\DVLQJOHYDOXH
7KLVPHDQVWKDWDOODWWULEXWHVRIDJLYHQLQGLFDWRUZLOOEH
DJJUHJDWHGE\WKH&KRTXHWLQWHJUDO
7DNLQJ WKH H[DPSOH RI WKH EHQHILW IDFWRU WKH DWWULEXWHV
DDDZLOOEHDJJUHJDWHGDWILUVWWRJHWDVLQJOHYDOXH
RIWKHLQGLFDWRUµD¶7KHVWDJHVDUH
 'HILQLWLRQRIWKHQXPEHURIDWWULEXWHVDQG
DOWHUQDWLYHVWRGHDOZLWK
 (QWHUWKHZHLJKWRIWKHDWWULEXWHV7DEOH
 6HOHFWLQJGHJUHHRILQWHUDFWLRQxɉDQG
TXDQWLILFDWLRQx 
 ,GHQWLI\LQJIX]]\PHDVXUHV
 'LVSOD\RIIX]]\PHDVXUHVREWDLQHG
 (QWU\DOWHUQDWLYHDVVHVVPHQWVIRUDWWULEXWHVDD
DQRUPDOL]HGGDWDREWDLQHGIURP7DEOH
 'LVSOD\WKHYDOXHVRI&KRTXHWZKLFKJLYHVDXQLTXH
YDOXHWRWKHLQGLFDWRUIRUHDFKDOWHUQDWLYH
7KH VDPH RSHUDWLRQ LV UHSHDWHG IRU LQGLFDWRUV E DQG F
2QFH WKHVH UHVXOWV DUH REWDLQHG WKH VHFRQG VWDJH LV WR
DJJUHJDWH LQGLFDWRUV D E F WR REWDLQ D VLQJOH EHQHILW
IDFWRUYDOXHIRUHDFKDOWHUQDWLYHܤሺݑሻ

7KHVDPHRSHUDWLRQLVUHSHDWHGIRUIDFWRUVRFDQGU

7DEOH  SUHVHQWV &KRTXHW YDOXHV REWDLQHG IRU HDFK
DOWHUQDWLYH RQ HDFK IDFWRU:H SXW x  WKLV DVVXPHV

WKDW WKHHOHPHQWVDUH IDLUO\FRPSOHPHQWDU\ZLWKxא >
@

Alternatives
Evaluation A B C D E
F
a
c
to
r
B     
O     
C     
R     
7DEOH$JJUHJDWLRQUHVXOWVRIDOWHUQDWLYHVHYDOXDWLRQ
E\WKH&KRTXHWLQWHJUDO

7KH VHOHFWDELOLW\ DQG UHMHFWDELOLW\ PHDVXUHV RI HDFK
DOWHUQDWLYH KDYH EHHQ HYDOXDWHG )RU LOOXVWUDWLRQ ZH
DVVXPH WKDW WKH ULVN DYHUVLRQ H[SUHVVHG E\ GHFLVLRQ
PDNHUV LVDYHUDJH į 7KLV LQGH[YDOXH JLYHV WKH
VDPH LPSRUWDQFH WR E R F U IDFWRUV DQG DOORZV
FRPSDULVRQZLWK/HH¶VUHVXOWVWKDWXVHIL[HGZHLJKWVIRU
DWWULEXWHV DQG JLYH WKH VDPH LPSRUWDQFH IRU E R F U
IDFWRUV 7KH UHVXOWV REWDLQHG ZLWK WKHVH VHWWLQJV DUH
VXPPDUL]HGLQ7DEOH

Alternatives
Bipolarity A B C D Eࣆ࢙     ࣆ࢘     
7DEOH6HOHFWDELOLW\DQGUHMHFWDELOLW\PHDVXUHVRI
DOWHUQDWLYHV

7KHJUDSKLFDOUHSUHVHQWDWLRQRIWKHVHUHVXOWVLQWKHSODQH
ߤ௥ߤ௦SURYLGHVEHWWHUYLVLELOLW\RIUHVXOWV WKXVEHWWHULQWHUSUHWDWLRQ $VVXPLQJ WKDWߜ ൌ ͲǤͷǡ ݍ ൌ ͳ ILJXUH 
VKRZV WKDWVDWLVILFLQJVHWRIDOWHUQDWLYHV LVFRPSRVHGRI
$OWHUQDWLYHV $ % DQG ' ߑͳ ൌ  ሼܣǡ ܤǡ ܦሽሻ EXW
DOWHUQDWLYH' LV GRPLQDWHG E\ DOWHUQDWLYH% 7KHUHIRUH
WKHVDWLVILFLQJHTXLOLEULXPVHWLVFRPSRVHGRI$OWHUQDWLYH
$ DQG % ܧଵ௦ ൌ ሼܣǡ ܤሽ 7KHVH UHVXOWV FRLQFLGH ZLWKILUVWFRQFOXVLRQVRIVHQVLWLYLW\DQDO\VLV%\YDU\LQJYDOXH
RI T ZH FDQ UHVL]H VHW RI VDWLVILFLQJ DOWHUQDWLYHV DV
UHTXLUHG E\ WKH GHFLVLRQ PDNHU )RU H[DPSOH FDXWLRQ
LQGH[ T    SHUPLWV WR HQODUJH WKH VHW RI VDWLVILFLQJ
DOWHUQDWLYHV ZKLFK LQFUHDVHG IURP WZR WR IRXU VHH
)LJXUH

)LJXUH*UDSKLFUHSUHVHQWDWLRQRIDOWHUQDWLYHVLQWKH
SODQHߤ௥ߤ௦ሺߜ ൌ ͲǤͷǡ ݍ ൌ ͳሻ
)LJXUH*UDSKLFUHSUHVHQWDWLRQRIDOWHUQDWLYHVLQWKH
SODQHߤ௥ߤ௦ሺߜ ൌ ͲǤͷǡ ݍ ൌ ͲǤͻͷሻǤ
$OVR E\ YDU\LQJ ULVN DYHUVLRQ LQGH[ ZH FDQ REVHUYH
VRPHFKDQJHV$VVXPLQJWKDWGHFLVLRQPDNHUVSUHVHQWj
KLJK ULVN DYHUVLRQ IRU LQVWDQFH ߜ    PHDQLQJ WKDW
WKH\ SUHIHU WR FRQVLGHU FHUWDLQ IDFWRU EHQHILW IRU
SRVLWLYH IDFWRUV DQG XQFHUWDLQ IDFWRU ULVN IRU QHJDWLYH
IDFWRUV JUDSKLFDO UHSUHVHQWDWLRQ RI DOWHUQDWLYHV LQ WKH
SODQH ߤ௥ߤ௦ VHH ILJXUH  VKRZV WKDW WKH VDWLVILFLQJDOWHUQDWLYHV DUH DOWHUQDWLYHV % ' DQG ( WKDW DUH
FKDUDFWHUL]HGE\DJRRGEHQHILW DQG ORZULVN1RWH WKDW
DOWHUQDWLYH(ZDVQRWSDUWRIWKHVDWLVILFLQJVHWZKHQߜ 
7KLVLVGXHWRWKHIDFWWKDWGHFLVLRQPDNHUZKHQߜ 
 JLYHV WKH VDPH LPSRUWDQFHRI DQ\E R F U IDFWRU
ZKLFK PHDQV WKDW WKH KLJK FRVW RI DOWHUQDWLYH ( ZDV
FRQVLGHUHGXQOLNHWKHFDVHߜ ZKHUHLWLVQHJOHFWHG
+RZHYHU DOWHUQDWLYH & NHHSV LWV ORZHVW ZLWK LWV ORZ
EHQHILWDQGLWVKLJKGHJUHHRIULVN

%\ SXWWLQJߜ   ZH SURPRWH  RSSRUWXQLW\ WR EHQHILW
DQG FRVW WR ULVN ZKLFK GHQRWHV D KLJK ULVN\ GHFLVLRQ
PDNLQJDWWLWXGHILJXUHVKRZVWKDWDOWHUQDWLYHV&DQG$
DUH LQ WKH VDWLVILFLQJDOWHUQDWLYHV VHW WKDW LVH[SODLQVE\
WKHIDFWWKDWDOWHUQDWLYHV$DQG&DUHFKDUDFWHUL]HGE\DQ
DYHUDJHFRVWDQGDJRRGRSSRUWXQLW\

)LJXUH*UDSKLFUHSUHVHQWDWLRQRIDOWHUQDWLYHVLQWKH
SODQHߤ௥ߤ௦ሺߜ ൌ ͲǤͻǡ ݍ ൌ ͳሻǤ
)LJXUH*UDSKLFUHSUHVHQWDWLRQRIDOWHUQDWLYHVLQWKH
SODQHߤ௥ߤ௦ሺߜ ൌ ͲǤͳǡ ݍ ൌ ͳሻǤ


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
7 CONCLUSION  
7KLV SDSHU LV FRQFHUQHG ZLWK WKH XQFHUWDLQ DVSHFWV RI
GHFLVLRQPDNLQJSUREOHPVQDPHO\ULVNDQGRSSRUWXQLW\
:H KDYH SURSRVHG D PHWKRG RI HYDOXDWLRQ DQG
UHFRPPHQGDWLRQWRLGHQWLI\DQGTXDQWLI\WKHVHXQFHUWDLQ
IDFWRUV WKURXJK D %2&5 DQDO\VLV ,Q WKLV FRQWH[W WKH
GHILQLWLRQDQGPHDVXUHPHQWRIULVNDQGRSSRUWXQLW\KDYH
EHHQ SURSRVHG 7DNLQJ LQWR DFFRXQW ELSRODU QDWXUH RI
DWWULEXWHV WKDWFKDUDFWHUL]HDOWHUQDWLYHV VDWLVILFLQJJDPH
WKHRU\ KDV EHHQ SURSRVHG DV D EDVLF WRRO IRU ILQDO
HYDOXDWLRQDQGUHFRPPHQGDWLRQDQGWKH&KRTXHWLQWHJUDO
KDVEHHQXVHGWRDJJUHJDWHGDWD2XUDSSURDFKDOVRWDNHV
LQWRDFFRXQWWKHULVNDYHUVLRQLQWURGXFHGE\DQLQGH[RI
WKH ULVN DYHUVLRQ WKDW FRQVLGHUV SRVLWLRQ RI GHFLVLRQ
PDNHUVLQUHODWLRQWRULVNWKLVLQGH[SHUPLWVWRFRQVLGHU
DQ LPSRUWDQW H[WHUQDO IDFWRU WKDW FDQ KDYH D VLJQLILFDQW
LPSDFWWRWKHILQDOGHFLVLRQ([DPSOHRIDSSOLFDWLRQZDV
SUHVHQWHGWRWHVWRXUPRGHODQGWKHUHVXOWVZKHQVLPLODU
WR WKDW RI OLWHUDWXUH VKRZ ULFK DQDO\VLV SRVVLELOLWLHV LQ
WHUPV RI HTXLOLEULXP DQG GRPLQDQFH )LQDOO\ DGDSWLQJ
RXU PRGHO WR D SUREOHP ZLWK PXOWL GHFLVLRQ PDNHUV
ZKLFK WDNH LQWR DFFRXQW WKH YDULRXV IDFWRUV LQIOXHQFLQJ
WKH DVVHVVPHQW RI GHFLVLRQ PDNHUV FDQ VWDQG IRU D
SHUVSHFWLYH %D\HVLDQ QHWZRUNV FRXOG WKHQ VHUYH DV DQ
DVVHVVPHQWWRRO

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